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(57) Abstract: A low dielectric constant 
hydrogenated silicon-oxycarbide (SiCO:H) 
film is prepared by conducting chemical 
vapor deposition using, together with an 
0 2 -cbntaining gas plasma, an organosilicon 
or organosilicate compound having at least 
one vinyl or ethinyl group, or a mixture of 
a saturated organosilicon or organosilicate 
compound and an unsaturated hydrocarbon. 
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METHOD FOR PREPARING LOW DIELECTRIC FILMS 



FIELD OF THE INVHNTiniM 



5 a ilVenti0n ^ 40 m im P roved «*™ical vapor 

deposmon (CVD) metal for preparing . low dielectric constant hydrogenated 
sihcon-oxycarbide(SiCO:H)fflm. 

BACKGROI TMn nv THE TNVKNnnM 

10 

Witb ever decreasing size of electronic devices utilized in ULSI 
(ulta-large-scale integmted) cireute, there has emerged the problem of 
mcreased capacitance of intralayere and/or interlayerc, causing signal delays. 
Therefore, there has been a need to develop a low dielectric constant flc) 
15 matenal havmg a Rvalue lower man mat of the conventional silicon dioxide 
(J>i0 2 ) or fluonnated silicon oxide (SiOF). 

US Patent No. 6,147,009 discloses a low dielectric constant material 
produced by reacting the vapor of a precursor containing atoms of Si, C, O and 
Hmapamllel plate plasma enhanced chemical vapor deposition chamber, the 
20 prefer bemg a molecule with a ring shucture such as 
i^A7-tetramethylcyclotetrasiloxane(TMCTS rB 
tettaethyicycIotetrasiloxaneCQH^Su) 

decamemylcyclopentasiloxane(C 10 H S) O 5 Si 5 ), with or without added oxyJT 

2B ^77' C0BStmt 0tfl * <BsCl<Bed ^ « =nll high, in the range 

f V°, u T ° redUOe 4116 «— • of fte material 

descnbed m the patent, US Patent No. 6,312,793 proposes a low k materia, 
constating of two or more phases. However, the multi-phase material still 
has a k-value of more than 32. 

Accordingly, d,e present inventors have endeavored to develop a novel 
30 matenaj havmg a dielectric constant lower than those of conventional 
materials. 



SUMMARY OF TTTF Txrvrnvrrr^j 

It is, therefore, an object of the present invention to provide a method 
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for preparing an improved low dielectric constant hydrogenated 
silicon-oxycarbide (SiCO.H) film using a chemical vapor deposition (CVD) 
technique. 

It is another object of the present invention to provide a SiCOH film 
5 having a dielectric constant (k) lower than those of conventional low dielectric 
materials. 

In accordance with one aspect of the present invention, mere is provided 
a method for preparing a low dielectric constant hydrogenated 
silicon-oxycarbide (SiCO:H) film which comprises conducting chemical vapor 

10 deposition using, together with an 0 2 -containing gas plasma, an organosilicon 
or organosilicate compound having at least one vinyl or ethinyl group, or a 
mixture of a saturated organosilicon or organosilicate compound and an 
unsaturated hydrocarbon. 

In accordance with another aspect of the present invention, there is 

15 provided a low dielectric constant SiCOH thin film having a dielectric constant 
(k) of 2.6 or below, prepared by said method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The above and other objects and features of the present invention will 

become apparent from the following description thereof, when taken in 

conjunction with the accompanying drawings which respectively show: 

FIGS, la and lb: schematic diagrams of the plasma reactor used in 

forming a thin film in accordance with the present invention; 
25 FIG. 2: variations in carbon contents of the film obtained in Example 1 

of the present invention with O2/VIMS flow ratio, respectively; 

FIG. 3: variations in dielectric constants of me films obtained in 

Example 1 and Comparative Example 1 of the present invention with 

0 2 /VTMS and O2/4MS flow ratio, respectively; 
3 0 FIGS. 4 and 5: changes in the dielectric constant of the film obtained in 

Example 1 as function of annealing temperature and annealing time, 

respectively; 

FIGS. 6 and 7: variations in carbon contents and dielectric constants of 
the film obtained in Example 2 of the present invention with 02/(4MS+C 2 F 4 ) 
35 flow ratio, respectively; 

FIGS. 8 and 9: changes in the dielectric constant of the film obtained in 
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Example 2 as function of annealing temneraw a 

respectively; g temperature ™* annealing time, 

FIG. 10: variations in carbon contents of thp fn™ n u* • j • ~ 

io respectively; ^ eatog tempeRrture » d sealing toe, 

FIGS. 14 and 15: variations in caiton content* an A j;., 
of the film obtained in Examofe 4 of * ^ C ° ns ' an,s 

CVOMCre^fiow.afi^ti^ * ^ "» 

respective^, 8 « I « »« *«* 

o f «.e 2S£s of ;? on ~ - — * — 

flovv^o, respective* mVention »» ^VDADMS 

respectively; S temperature and annealing time, 

of the JE^.'Ssx-*- r* md — - — • 

25 flowntio.respeetivej !^ 6rfto ™»»^<WDVn«Wo 
respectively; ° f and annealing time, 

flowretio, respective^ ^ ^ f ™ ! * mVeDtion "* "^VTMOS 

fa ^TZ^:^ l z^TJr M 

respectively; temperature and annealing time, 

*5 FIGS. 30 and 31: variations in carbon content* ,mH am ^ 

of the film obtained in Examni, » ^ ^ contents and dielectric constants 
m EXample 8 of &e P rese * mention with 0 2 /ETMS flow 
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ratio, respectively; 

FIGS. 32 and 33: changes in the dielectric constant of the film obtained 
in Example 8 as function of annealing temperature and annealing time, 
respectively; 

5 FIGS. 34 and 35: variations in carbon contents and dielectric constants 
of the films obtained in Example 9 of the present invention with 
0 2 /(HN® SO+C2H4) flow ratio, respectively; and 

FIGS. 36 and 37: changes in the dielectric constant of the film obtained 
in Example 9 as function of annealing temperature and annealing time, 
10 respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method for preparing a low dielectric 

15 constant hydrogenated silicon-oxycarbide (SiCO:H) film by way of conducting 
chemical vapor deposition using, together with an 02-containing gas plasma, 
an organosilicon or organosilicate compound having at least one vinyl or 
ethinyl group, or a mixture of a saturated organosilicon or organosilicate 
compound and an unsaturated hydrocarbon. 

20 In accordance with the present invention, the process for forming a low 

dielectric constant SiCOH film may be conducted using a plasma CVD 
apparatus, e.g., a remote plasma CVD or a direct plasma CVD apparatus. 

The remote plasma CVD apparatus shown in FIG. la comprises a 
quartz tube(6), an antenna(9), a matching box(5), a high-frequency electric 

25 power source(lO), a mass flow controller^) for feeding a silicon precursor, a 
precursor container(2), and a mass flow controller(8) for feeding a reactive 
gas. The antenna is wound around the outer periphery of the quartz tube(6), 
to thereby connect the antenna(9) and the matching box(5), which is 
connected to the high-frequency electric power source(lO). The quartz 

30 tube(6) is connected to the mass flow controller(8) for feeding an 
02-containing gas via a tube. In the remote plasma CVD apparatus, the 
0 2 -containing gas and the silicon precursor are fed to the matching box(5) 
separately, the precursor being led through a diffusion ring(3). Further, in the 
direct plasma CVD apparatus shown in FIG. lb, the silicon precursor fed from 

35 the precursor container(2) and the 02-containing gas fed from a reactive gas 
container^) are mixed, and then supplied to the matching box(5). 
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there ° f fte •*« -enuon, 

«a«un^„^™ ^Tr 8 , ^ dep0sition - 

^SttS -if: unsa r d — — - 

vinyltnmeftykUa^ SiT, ^ " ^ «""• taW » 
vinyltricho^itoe, ^t^' 
10 1 A5 J-tetravLu 35 7 trtra '* ^^'A^-trimethylcyclotrisaoxane, 
1 Y-i . , ^ ,3,5,7 " tetrametll y fc y<=lotetrasiloxane. 

In another preferred embodiment of lhe urgent ,™ 
provided a method for nremnW . , ° , P ^ mvenn on > there is 
uu Ior preparing a low dielectric constant Qirr.tr 

saturated organosilicon or r . 6 1111X1118 ratio of & e 

is less man 0.1, the dielectric consist «pa « u ^ 0,1X1118 ratio 

substituents. or more halogen 

tetraethoxysilane, hexame^I W^Lt^l "^e, 
toethylcyclotetrasfloxane, ^ ^»^y cyclotetoiW, 

hexamethyldisiloxai*. hicJ ■ "^^y'^'oktosiloxane, 

35 '3^ me ' b ^^''ytoefl.ane and a mixture thereof 
35 Representative exan^Ies of tie unsaturated hv,w,*„ T^L 

F 2 C=CF 2) H 2 f>CF 2) HFOCFH «>CK*R HzC=ai2 - 

-^rn, r 2 u=f=tF 2 , H 2 C=C=CF 2 , HFOOCFH, 



WO 03/005429 



PCT/KR02/01238 



- 6 - 

HC CH, FC CH, FC CF, ci 2 C=CCl 2 , H 2 C=CC1 2 , HC1C=CC1H, 
C1 2 C=C=CC1 2 , H 2 C=C=CC1 2 , HC1C=C=CC1H, C1C CH, C1C CC1, 
Br 2 C=CBr 2 , H 2 C=CBr 2 , HBrC=CBrH, Br 2 C=C==CBr 2 , H 2 C=C=CBr 2 , 
HBrC=C=CBrH, BrC CH, BrC CBr, I 2 OCI 2 , H 2 C=CI 2 , fflC=CIH, 
5 I 2 C=C=CI 2 , H 2 C=C=CI 2 , fflC=C=CIH, IC CH and IC CI; and preferred is 
H 2 C=CH 2 orF 2 C=CF 2 . 

The 0 2 -containing gas which may be used in the present invention is 
selected from the group consisting of 0 2 , N 2 0, 0 3 , H 2 0 2 , C0 2 , H 2 0 and a 
mixture thereof. 

10 The method of the present invention may further comprise the step of 

annealing the deposited film, which may be carried out at a temperature 
ranging from 100 to 800°C for a period ranging from 0.5 to 8 hrs, preferably at 
450°C for 1 hr, to obtain a thermally stable low dielectric constant SiCOH film. 
The annealing step may also include a rapid-thermal processing, which may 

15 be conducted at a temperature ranging from 100 to 900°C for about 1 minute 
and a spike-heating step performed for 10 seconds. 

Such low dielectric constant SiCOH material prepared in accordance 
with the method of the present invention has a dielectric constant (k) of 2.8 or 
below, and, further, the thermally stable SiCOH film formed after annealing 

20 has an exceptionally low dielectric constant (k) in the range of 1.6 to 2.6, the 
dielectric constant (k) being controllable by adjusting the process variables. 

The present invention is further described and illustrated in Examples 
provided below, which are, however, not intended to limit the scope of the 
present invention. 

25 

Example 1 

A SiCOH film was deposited on a Pt substrate using 
vmyltrimethylsilane(VTMS, SiCsHi 2 ) and 0 2 in the direct plasma apparatus 
shown in FIG. lb. The flow ratio of 0 2 /VTMS was varied in the range of 1 

30 to 13.3 during the film deposition. The pressure and temperature in the 
reactor were lmmHg and 30°C, respectively, and the applied plasma power, 
60W. The film so deposited was annealed under an Ar atmosphere at a 
temperature in the range of 300 to 500°C, to obtain a low dielectric constant 
film. ~ V' i: : '" ' 

35 As shown in FIG. 2, the respective carbon contents of the deposited 
film and the film annealed at 450°C become lower with the increasing flow 
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ratio „fo 2 /VTMS. FIG. 3 exhibits that the annealed film at 450V fc 
dielectric constant ranging from 1 R tn o a l , T C a 

the annealing has a diet^T i ' Me *" deposi,ed ^ withont 
ewmgnas a dielectric constant ranging from 2 3 to 2 X rt^c, „ „ 

3 show me changes in the dielectric constant fefilm ^ „ ? 4 " d 

5 1 with the changes in the annealing temZttae - d T m 

CWTMS flow ratio of 2, respectively; tae * fte 

Comparative Example 1 

the film thus obtained has * *• JT Z ^ shown 111 WG - 3, 

Example 2 

oh^^^ w ^~^ ,elWaS ^ to 

a dielectric constant of 2.5 or below wr « the ^ am,eal « 1 * 450»C has 
*. anneahn g tempemtij 

(ameahngtempemtim^oQa.^S^r' 1 T^ 8 *» 

dielectric constant of the film, respect ^« ^ T ° f 4 ° n * e 

25 500°C for 0.5 hr has a diel^ . T ^ anneaIed «* 300 to 
nr nas a dielectric constant of 2.75 or below. 

Example 3 

The procedure of Example 1 was r<™. , a 
^vinyl tena m ethylcyclotetrasiloxane ^ ™> rT^ , 

35 of me annealing tempemure (annealing ti^^ 'n ^ ^ 
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dielectric constant of the film, respectively. The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2. 1 or below. 

Comparative Example 2 

5 The procedure of Example 1 was repeated using 
tetramethylcyclotetrasiloxane(TMCTSO, SLAC^ie) in place of VTMS, to 
obtain a deposited film. As shown in FIG. 11, the film thus obtained had a 
dielectric constant ranging from 2.5 to 3.3, which is higher than that of the 
deposited film obtained in Example 3 . 

10 

Example 4 

Except that a mixture of tetramemylcyclotetrasiloxane(TMCTSO, 
Si40 4 C4Hi6) and C2H4 (1:1) was used instead of VTMS, the procedure of 
Example 1 was repeated to obtain a deposited film, which was subsequently 
15 annealed. 

FIG. 14 and FIG. 15 depict the carbon contents and dielectric constants 
of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.3 or below, and the film annealed at 450°C 
has a dielectric constant of 2.2 or below. FIG. 16 and FIG. 17 show the 
20 effects of the annealing temperature (annealing time=0.5hr) and annealing 
time (annealing temperature=400°C) at the (TMCTSO+C2H4) flow ratio of 2 
on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a dielectric constant of 2.05 or below. 

25 Example 5 

The procedure of Example 1 was repeated using mallyldimethylsilane 
(DADMS, SiQHtt) in place of VTMS, to obtain a deposited film, which was 
subsequently annealed. 

FIG. 18 and FIG. 19 show the carbon contents and dielectric constants 

30 of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.8 or below, and the film annealed at 450°C, 
a dielectric constant of 2.4 or below. FIG. 20 and FIG. 21 show the effects 
of the annealing temperature (annealing time=0.5hr) and annealing time 
(annealing temperature=450°C) at the 0 2 /DADMS flow ratio of 4 on the 

35 dielectric constant of the film, respectively. The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2.35 or below. 
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Example 6 

Except that U^vmyltetrame^^ <?i nn it ^ 

was used in place of Vtimq . AauK ^ ljy wivbv, biaOCsHis) 

film has a dielechic ~tof ^ f ,^ "» ec *^- ™» 

has a dielectric ^Z^ 2 Tor 1 1 ^Ihfc-rteJ.^; 

f<me (annealing temperature=50<ra at the O /rfv™r™ * ™ ,ealm8 
4e dielecMc constant of the fflj SpltivS ^ ° "* ° f 2 ° n 

15 Example 7 

The procedure of Example 1 was • . , 

film has a dielectric comtant ,„ *u res Pectrvely. The deposited 

vicumi, constant m the range of 22 tn 97^ ^ 
annealed at 450°C has a Hi«i^- 2,75 > md *e film 

ti*-*.5h0 and annealing lS ( — «« 

25 (WTMOS flow ratio of 2 on «TdiIt^ 8 tem P erataB =*50°C) at the 
the fitat annexed a, 
or below. C for 0.5 hr has a dielectric constant of 2.4 

Example 8 

^WaichwJLbse^S ' ^ *> obtain a deposited 

35 film has a dielectric constant of 2.65 or W^ffl eP ° Slted 
450°r o ^;^t clow ' ana tne film annealed at 

C, a dtelectac constant of 2.35 or be.ow. KKJ. 32 and FIgT^w 
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the effects of the annealing temperature (annealing time=0.5hr) and 
annealing time (annealing temperature=350°C) at the 0 2 /ETMS flow ratio of 
4 on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a dielectric constant of 2.35 or below. 

5 

Example 9 

The procedure of Example 1 was repeated using a mixture of 
hexamethyldisiloxane(HMDSO, Si 2 OC6Hi 8 ) and C2H4 (1:2) in place of VIMS, 
to obtain a deposited film, which was subsequently annealed. 

10 FIG. 34 and FIG. 35 show the carbon contents and dielectric constants 
of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 3.0 or below, and the film annealed at 450°C, 
a dielectric constant of 2.05 or below. FIG. 36 and FIG. 37 show the 
effects of the annealing temperature (annealing time=0.5hr) and annealing 

15 time (annealing temperature=450°C) at the 0 2 /(HMDSO+C2H4) flow ratio of 
4 on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a dielectric constant ranging from 1.7 to 1.9. 

As can be seen from the above results, me low dielectric constant 
SiCOH film prepared by conducting CVD using an 02^ntaining gas plasma 

2 0 and an unsaturated organosilicon or organosilicate compound, or a mixture of a 
saturated organosilicon or organosilicate compound and an unsaturated 
hydrocarbon in accordance with the present invention has a dielectric constant 
of 2.6 or below, which is exceptionally lower than conventional low 
k-materials. 

25 While the subject invention have been described and illustrated with 

respect to the preferred embodiments only, various changes and modifications 
may be made therein without departing from the essential concept of the 
present invention which should be limited only by the scope of the appended 
claims. 



WO 03/005429 

PCT/KR02/01238 

" 11 - 

What is claimed is: 

or organosiJicate compound havinTaH^ 

52; S r^LSL" r^sr; 

rangingfrom 1.0.1 to 1.10. ^^hydrocarbon has a mixing ratio 



xs Ipon^n^^Vf^.*: ««» ororganosflioate 

consisting of 4^yS y l^lrr fa ^ fcmfe ^ 
vinyltriethoxylsilane, , '^'f^. vmyltrimethoxylsilane, 

lAS^-tetravi.ryl-I.SAT-tetrameftylcyclotetasfloxane 

toethylsUane, triethy.si.ane, trimeloxy^ane JT^ ° f 
tetramefty.si.ane, tetraethylsflane, tetmmemo^Xe tJ^T^ 
hexamemylcyclotrisiloxane ™>^suane, tetraethoxysilane, 

35 tetraethylcyclotetrasiloxane' te,r ™emylcyclotetrasiloxane, 
hexamemylmsnoxane, ^* yba ^^™' 
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vinyltriethylsilane, vinyltrimethoxylsilane, vmyltriethoxylsilane, 

l,3,5-trivinyl-13,5-trimethylcyclotrisiloxane, 
l^^J-tetravinyl-l^jSJ-tetramethylcyclotetrasiloxane, 
1,3-divinyltetramethyldisiloxane, hexavinyldisiloxane, aUyldimethylsilane, 
5 allyldimethoxysilane, ethmyltrimethylsilane, ethinyltriethylsilane and a 
mixture thereof. 

6. The method of claim 5, wherein the saturated organosilicon or 
organosilicate compound is selected from the group consisting of 

10 tetramethylsilane, hexamethyldisiloxane and tetramethylcycloteteasiloxane. 

7. The method of claim 1, wherein the unsaturated hydrocarbon is selected 
from the group consisting of H 2 C=CH 2 , F 2 OCF 2 , H 2 C=CF 2 , HFOCFH, 
F 2 C=OCF 2 , H 2 C=C=CF 2 , HFC=C=CFH, HC CH, FC CH, FC CF, 

15 C1 2 C=CC1 2 , H 2 C=CC1 2 , HC1C=CC1H, C1 2 C=C=CC1 2 , H 2 D=C=CC1 2 , 
HC1C=C=CC1H, C1C CH, C1C CC1, Br 2 C=CBr 2 , H 2 C=CBr 2 , HBrC=CBrH, 
Br 2 C=C=CBr 2 , H 2 OC=CBr 2 , HBrC=C=CBrH, BrC CH, BrC CBr, 
I 2 OCI 2 , H 2 C=CI 2 , fflC=CIH, I 2 C=C=CI 2 , H 2 C=C=CI 2 , fflC=C=CIH, 
IC CHandIC CI. 

20 

8. The method of claim 7, wherein the unsaturated hydrocarbon is 
H 2 C=CH 2 or F 2 C=CF 2 . 

9. The method of claim 1, wherein the 0 2 -containing gas is selected from 
25 the group consisting of 0 2 , N 2 0 } 03, H2Q2, C0 2 , H 2 0 and a mixture thereof. 

10. The method of claim 1 further comprising the step of annealing the 
deposited film at a temperature ranging from 100 to 500°C for 0.5 to 8 hrs. 

30 11. A low dielectric constant hydrogenated silicon-oxycarbide (SiCO:H) 
film prepared by the method of claim 1 . 
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FIG. lb 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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FIG. 8 
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